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Heating of 3- and 4-chloroalkyldiphenylphosphine sulfides la,b with sodium iodide in acetone leads to 2 , 2 - d i p h e n y l - l ^ 4 -
thiaphospholanium iodide 2a and 2 ,2 -d ipheny l - l ^ 4 - tMaphosphor inan ium iodide 2b; relatively uncommon ring-chain 
halogenotropic tautomerism is observed in solutions of these compounds. 

Tertiary phosphine sulfides are k n o w n 1 ' 2 to react with alkyl 
halides to yield alkylthiophosphonium salts, reaction (1). 

R 3 P = S + AlkX —> R 3 P + SAlk X - (1) 

The phosphonium structure of the alkylation product 
obtained from trimethylphosphine sulfide and methyl iodide 
was confirmed by X-ray analysis. 3 We have found that by 
refluxing 3- and 4-chloroalkyldiphenylphosphine sulfides l a ,b 4 
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with sodium iodide in acetone, previously unknown cyclic 
thiaphosphonium salts 2a,b are produced. These compounds 
might result from the intramolecular alkylation of inter­
mediate iodides 3a,b. 

The salts 2a,b are stable crystalline compounds;t their 
structures were confirmed by X-ray analysis.* 

In the crystal structure of 2a (Figure 1) the five-membered 
heterocycle has an envelope conformation with a deviation of 

Ph 2 P(S)(CH 2 )„Cl N a I ' a c e t o n e , [Ph 2 P(S)(CH 2 )„I] 
reflux 

la,b 3a,b 
yS CH 2 

—+ P h 2 P + J Γ 
C H " ( C H 2 ) , _ 2 a n = 3 

2ab
 b n = 4 

the C(2) a tom from the plane of the four other atoms of the 
ring by 0.6224 A. The six-membered ring in the structure of 
2b (Figure 2) has a chair-like conformation with torsion 
angles PSC(1)C(2) -55.8(1) °, SC(1)C(2)C(3) 67.4(2) °, 
C(1)C(2)C(3)C(4) -68.1(3) ° and SPC(4)C(3)-54.9(1) ° . T h e 
phosphorus atoms have a slightly distorted tetrahedral 
configuration. Bond lengths P -S (2.068 A in 2a, 2.051 A in 
2b) are typical of a single bond P - S , 3 which may point to a 
phosphonium structure of the salts investigated. The bond 
lengths S-C(1), P-C(3) and P-S in the structure of 2a are 
larger than those in the structure of 2b, where these bonds 
have the expected values [ C s p 3 - S - X ( a v e r ) 1.833 A and C s p 3 -

P(4) + (aver) 1-800 A ] . 6 

The reason for the elongation of the P - C , S-C and P -S 
bond lengths in 2a is probably related to the intermolecular 
contacts of the sulfur atoms with the halogen: S . . . I - (O + x, 
0.5-y, -0 .5 + z ) 3.633(2) A in the structure of 2a and S . . . I -

3.825(2) A in 2b. 
The intermolecular contact in 2b, according to the 

classiication in ref. 7, represents a shortened contact, and in 
2a represents a strongly contracted one. According to Zefirov 7 

only strongly-contracted contacts lead to changes in the 
molecular geometry, as observed in structures 2a and 2 b . T h e 
difference in strength of contacts in 2a and 2b is probably 
connected with the different packing of molecules in the 
crystals. 

Taking the contact with the counterion into account, the 
sulfur atoms have a trigonal planar c o o r d i n a t i o n . A t o m s 

C(12) 

t For 2a: yield 77%; mp 203-204.5 °C (MeCN-ethyl acetate). For 2b: 
yield 65%; mp 205-206 °C (MeCN). Both of these compounds gave 
satisfactory elemental analyses. 
* Crystallographic data for 2a,b: 2a, C 1 5 H 1 6 IPS, M=386.25, mono-
clinic crystals, space group P2 1/c at -120 °C, a =12.204(4) A, 
¿=12.049(4) A, c=11.483(4) A, £=114.96(3)°, V= 1530(2) A , z = 4, 
A c a l c = 1.582gcm - 3, μ (MoKa) = 23.1 cm - 1 , F(000) = 760. Intensities 
of 5028 reflections were measured on Siemens P3/PC diffractometer 
at -120 °C(MoKa radiation, f9/2f9,2f9<60 °) and 4021 observed 
independent ones with 7>2σ(7) were used in calculations and refine­
ment. 2b ,C 1 6 H 1 8 IPS , M=400.28, monoclinic crystals, space group 
P2 1/c at -86°C, a=12.143(4)A, £=12.346(4)A, c= 12.169(4) A, 
£=117.16(3)°, F = 1623(1)A , z = 4 , A c a l c = 1.638 g cm - 3 , 
μ(MoKα) = 21.57 cm - 1 , F(000) = 793. Intensities of 3024 reflections 
were measured on a Syntex-P21 diffractometer at -86 °C (MoKa ra­
diation, ff/2ff,2ff <60 °) and 2492 observed independent ones with 
7>2σ(7) were used in calculations and refinement. The structures 
were solved by direct methods and refined by a least-squares method 
with anisotropic-isotropic (H atoms) approximation. Absorption 
correction was applied to all data sets using the DIFABS program. 5 

The final discrepancy factors were ^ = 3.25, w^ = 4.0, GOF=1.71 
(for 2a) and ^ = 2.8, w^ = 3.0, GOF=1.03 (for 2b). All calculations 
were performed using the program SHELXTL PLUS on an IBM 
PC/AT. Atomic coordinates, thermal parameters, bond lengths and 
bond angles have been deposited at the Cambridge Crystallographic 
Data Centre (CCDC). See Notice to authors, Mendeleev Commun., 
1996, Issue 1. Any request to the CCDC for this material should 
quote the full literature citation and the reference number 1135/1. 

C(13) 

C(14) 

Figure l Molecular structure of 2a .The main bond lengths /A and 
angles/°: P-S 2.068(1), P-C(3) 1.805(4), P-C(4) 1.786(4), P-C(10) 
1.800(3), S-C(1) 1.850(6), C(2)-C(3) 1.530(6), C(1)-C(2) 1.518(7); S-
P-C(3) 100.1(1), S-P-C(4) 111.8(1), C(3)-P-C(4) 113.7(2), S-P-C(10) 
110.2(1), C(3)-P-C(10) 112.7(2), C(4)-P-C(10) 108.2(2), P-S-C(1) 
93.0(2), P-C(3)-C(2) 104.0(3), C(1)-C(2)-C(3) 109.9(4), S-C(1)-C(2) 
110.5(3). 

C(14) 

C(13) 

C(8) 

C(2) 

yC(9) 

Figure 2 Molecular structure of 2b .The main bond lengths /A and 
angles/°: S-P 2.051(2), S-C(1) 1.837(5), P-C(4) 1.778(5), P-C(5) 
1.785(5), P-C(11) 1.793(3), C(1)-C(2) 1.510(8), C(2)-C(3) 1.522(6), 
C(3)-C(4) 1.532(6); P-S-C(1) 97.1(2), S-P-C(4) 108.2(1), S-P-C(5) 
107.3(2), C(4)-P-C(5) 111.1(2), S-P-C(11) 110.7(1), C(4)-P-C(11) 
109.2(2), C(5)-P-C(11) 110.3(2), S-C(1)-C(2) 114.4(3), C(1)-C(2)-C(3) 
114.7(4), C(2)-C(3)-C(4) 114.0(4), P-C(4)-C(3) 110.0(3). 

S, P, C (1) and I are coplanar within an accuracy of 0.042 A in 
the structure of 2a and 0.003 A in 2 b . T o r s i o n angles 
SPC(4)C(5), SPC(10)C(11) in the structure 2a and 
SPC(5)C(10), SPC(11)C(12) in 2b are equal to 117.1(3) °, 
9.4(4) ° and 168.5(3) °, 61.2(2) °, respectively. 

The behaviour of the compounds 2a,b in solution is of 
particular interest because of tautomeric equil ibr ia .There are 
two tautomeric forms: the ring 1 ^ 4 - t h i a p h o s p h o l a n e 2a (or 
1 ^ 4 - t h i a p h o s p h o r i n a n e 2b) form and the open phosphine 
sul ide form 3a (or 3b). This is a new type of ring-chain 
anionotropic tautomerism, 8 hitherto poorly investigated. 

The ring form 2 is characterized by 3 1 P N M R chemical 
shifts in the region of 72 ppm (2a) and 38 ppm (2b); and for 
the open forms 3 in the region 41-42 ppm (Table 

The presence of the open form 3 in solution is also confir¬ 
med by the 1 H N M R spectrum of 2a in C D C l 3 . A l o n g with 
other signals a triplet with a chemical shift 3.17 
ppm ( 3 / H H 6 Hz) is observed.The latter is typical of methylene 
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protons of the (CH 2 )CH 2 (Hlg ) group (cf. ref. 4). The 
tautomeric equilibrium (2a,b ^ 3a,b) is established only slowly 
(within a few days at 20 °C). The equilibrium position depends 
on the solvent used and the ring size. According to the 3 1 P 
N M R spectra 30% of the open form 3a is present in a C H 2 C l 2 

solution of 2a and 1 3 % in C H C l 3 

Table 1 3 1 P NMR spectral data for 2 and 3 in various solvents 
(<5, p p m ) . 

Solvent 2a 3a 2b 3b 
CH 2 Cl 2 72.2 41.4 37.6 42.2 
CHCl 3 72.2 41.1 37.8 42.5 
MeCN 73.3 - 38.1 -

At the same time the equilibrium is completely shifted to the 
ring form 2a in MeCN; i.e. the content of the less polar ring-
opened form 3a in a tautomeric mixture decreases with 
increasing solvent polarity. The relative amounts of the open 
form 3 also decreases in the case of 2a compared to 2b which 
possesses a less strained six-membered 1,2X 4-thiaphosphori-

P h 2 P + I I - . • Ph2P(S)(CH2)„I 

( I f - K l l i . 2 

2 a , b 3 a , b 
n = 3,4 

nane ring. There is 15% of the open form 3b in C H 2 C l 2 

solution of 2b and 8% in C H C l 3 . In M e C N solution, as in the 
case of 2a, the equilibrium is completely shifted to the ring 
form 2b. 
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